Abstract: Introduction: A systematic review of evidence on the impact of modifiable risk factors on early childhood caries (ECC) was conducted to inform recommendations in a World
Results: Of the 13,831 papers identified, 627 were screened in duplicate; of these, 139 were included. The highest-level evidence indicated that breastfeeding ≤24 mo does not increase ECC risk but suggested that longer-duration breastfeeding increases risk (lowquality evidence) . Low-quality evidence indicated increased risk associated with consumption of sugars in bottles. Only 1 study had data on the impact of sugars in complementary foods, which increased risk. Moderate-quality evidence showed a benefit of oral health education for caregivers (odds ratio, 0.39; 95% CI, 0.19 to 0.80, P = 0.009) . Meta-analysis of data on the impact on ECC from living in a fluoridated area showed a significant effect (mean difference, 95% CI, P = 0.006 
Introduction
Early childhood caries (ECC) is a worldwide pandemic and is increasing rapidly in low-and middle-income countries, where exposure to sugars has increased following nutrition transition. ECC may be defined as the presence of ≥1 decayed (noncavitated or cavitated lesions), missing (due to caries), or filled tooth surfaces in any primary tooth in a child ≤71 mo of age (American Academy of Pediatric Dentistry 2016).
The highest prevalence of ECC is in Asia and Africa, where the disease affects 36% to 85% and 38% to 45% of children aged <6 y, respectively. Prevalence is also higher in lower socioeconomic groups (Phantumvanit et al. 2018) . The highest reported levels are in Cambodia and Indonesia, where 90% of 3-to 5-y-olds have a dmft >6.0. In many countries, especially in lower socioeconomic populations, ECC is untreated and, if severe, affects health and wellbeing, causing pain and potentially life-threatening infections requiring hospitalization. It is beyond the capacity of health care resources in most lowand middle-income countries to treat ECC, as prevalence is high and treatment is expensive, especially if general anesthesia is required. An effective means of prevention is therefore paramount.
ECC is caused by exposure to sugars through the diet (Moynihan and Kelly 2014) , but a child is exposed to many factors that modify ultimate risk. There are factors that will modify exposure to sugars, such as dietary patterns and drinking habits. There are also factors that potentially mitigate ECC and the effect of sugars, including oral hygiene practices and exposure to fluoride through a variety of means. The World Health Organization (WHO; 2018b) recommends exclusive breastfeeding for the first 6 mo of life, followed by continued breastfeeding with appropriate complementary feeding for ≥2 y (foods and drinks other than breastmilk and infant formula), although concerns have been raised about the impact that breastfeeding has after 12 mo of age on risk of ECC (Tham et al. 2015) . However, to date, no systematic review has specifically compared the impact of breastfeeding up to 12 mo with breastfeeding up to 2 y or the impact of breastfeeding up to 2 y with breastfeeding beyond 2 y. Moreover, most research has focused on comparing bottle-versus breastfeeding and not on comparisons of breast versus cow's milk. Knowledge of which modifiable risk factors have the most impact on risk of ECC is essential to inform programs of prevention.
In view of the global problem of ECC, a WHO Expert Consultation on Public Health Intervention against Early Childhood Caries was held in January 2016. The aim was to agree on a set of recommendations for a future action plan. The consultation included narrative review of evidence for factors that affect risk of ECC (WHO 2016) . However, recommendations need to be based on systematic review of the best available evidence (WHO 2014) and must be in line with the WHO's common risk factor approach to prevention. Based on the evidence presented at the expert consultation, research questions pertaining to the prevention of ECC that required systematic review were prioritized by the panel. Questions pertaining to the use of fluoride toothpaste were excluded, as the panel concluded that its efficacy as a mitigating factor against ECC was already proven through systematic review (dos Santos, Nadanovsky, and de Oliveira 2013; dos Santos, Oliveira, and Nadanovsky 2013; Wright et al. 2014) . Nonetheless, it was recognized that accessibility of affordable fluoride toothpaste was not universal, especially in less affluent countries, and that other means of prevention and mitigation were essential. This systematic review was commissioned by the WHO, and the aim of this article is to report the outputs. The objective was to systematically identify and review all available published evidence pertaining to the effect of modifiable risk and protective factors on ECC. The overall question underpinning the review was "Which is the best way to maintain health of the primary dentition?" The specific questions addressed are presented in Table 1 .
Methods
Guided by the WHO (2014) guideline development process, a systematic review was conducted and reported according to the PRISMA statement. The methods were established prior to the conduct of the review. The protocol is published on PROSPERO (CRD42017074616) and is described here in brief.
Eligibility Criteria
All relevant randomized controlled trials (RCTs), other intervention studies, and observational studies (including cohort, case-control, ecologic, and cross-sectional studies) were included. Participants were apparently healthy (i.e., without acute illness but possibly overweight or with chronic illness such as diabetes) and included infants and children aged <72 mo and their caregivers living in countries across the socioeconomic spectrum (i.e., low, middle, or high income). For RCTs, an intervention period of at least 1 y for dental caries was required. The American Academy of Pediatric Dentistry's (2016) definition of ECC was adopted for this review. The intervention and exposures and the comparator and controls according to each research question are presented in Table 1 . Excluded were studies with participants of different age groups, studies targeting children with medical conditions, and articles not peer reviewed and published. NonEnglish articles were included if they contained an English-language abstract. No date restrictions were used. The questions were limited to risk and protective factors that can be described as "modifiable" (i.e., could lead to a recommendation or policy for a change Q2. Does breastfeeding beyond 1 y increase the risk of ECC as compared with cow's (or similar) milk consumption as the main milk source from 1 y of age?
Exposure
Breastfeeding beyond 1 y.
Comparator
Cow's (or similar) milk consumption as main milk source from 1 y of age.
Q3. Does breastfeeding beyond 2 y increase the risk of ECC as compared with breastfeeding until <2 y of age?
Exposure
Breastfeeding beyond 2 y.
Comparator
Breastfeeding <2 y.
Q4. Does breastfeeding beyond 2 y increase the risk of ECC as compared with cow's (or similar) milk consumption as main milk source from 2 y of age?
Exposure
Comparator
Cow's (or similar) milk consumption as main milk source from 2 y of age.
Q5. Does consumption of liquids that contain free sugars from an infant feeding bottle increase the risk of ECC?
Intervention
Any intervention intended to reduce the consumption of liquids that contain free sugars from an infant feeding bottle in 1 arm of the study, as compared with consumption of such liquids in another arm of the study. To be included, a trial must report this feeding practice status in both arms.
Control
Consumption of liquids that contain free sugars from an infant feeding bottle.
Exposure
Consumption of liquids that contain free sugars from a bottle. In assessing the quality of the evidence, the separation of or controlling for the effects of other lifestyle or medical interventions will be considered (eg, use of bottle per se, prolonged breastfeeding, exposure to fluoride, sugars intake from other dietary sources, feeding practices, oral hygiene behavior).
Comparator
No or lower free sugars-containing drinks consumed from an infant feeding bottle.
Q6. Does consumption of complementary drinks a that contain free sugars increase the risk of ECC?
Intervention
Any intervention intended to reduce the consumption of complementary drinks that contain free sugars in 1 arm of the study, as compared with consumption of such complementary in another arm of the study. To be included, a trial must report this feeding practice status in both arms.
Control
Consumption of complementary drinks that contain free sugars.
Exposure
Comparator
No or lower free sugars-containing complementary drinks consumed.
Q7. Does consumption of complementary foods a to which free sugars have been added increase the risk of ECC?
Intervention
Any intervention intended to reduce the consumption of free sugars in complementary foods in 1 arm of the study, as compared with no intervention in the other arm. To be included, a trial must report this feeding practice status in both arms.
Control
Consumption free sugars in the complementary diet.
Exposure
Comparator
No or lower consumption of free sugars in complementary diet.
Q8. Does oral hygiene provided by a parent/carer reduce the risk of ECC?
Exposure
Good oral hygiene as indicated by the absence of a high plaque volume and/or daily toothbrushing by carer.
(continued) in practice). Therefore, genetics and acquisitions of mutans streptococci, salivary protein profile, and antioxidant capacity were all excluded. Dental caries outcomes included the primary dentition only-including caries increment, incidence, and/or severity, measured as decayed, missing/ exfoliated, and filled teeth (dmft, dmfs, deft, dft ECC, and severe ECC)-and/or comparisons of higher or lower levels of dental caries.
Search Strategy
Four electronic databases were searched in August 2017: Medline, Embase, CINAHL, and PubMed. Moreover, registers of the ongoing systematic reviews were searched via the Cochrane Library (Dentistry and Oral Health) and PROSPERO (Centre for Reviews and Dissemination). Clinical trials were also identified by accessing and searching the U.S. National Library of Medicine and the WHO's International Clinical Trials Registry Platform. Abstracts and unpublished studies were not included. The search strategy is presented in the Appendix.
Study Selection
An initial screen of titles and abstracts of all records identified in the electronic search was conducted by a single reviewer (L.M.T., R.D.H., A.M., and 2 others). A random 5% sample of Q9. Is oral health education for caregivers' effective for preventing ECC?
Intervention
Any intervention where caregivers receive oral health education in 1 arm of the study, as compared with no intervention in the other arm.
Control
No or lower oral health education to caregivers.
Exposure
Caregiver exposure to oral health education.
Comparator
No or less caregiver exposure to oral health education.
Q10
. Does an optimum concentration of fluoride in water reduce the risk of ECC?
Intervention
Any intervention where participants are exposed to fluoridated water or water naturally containing fluoride (at a concentration of >0.6 ppm [mg/L]) in 1 arm of the study, as compared with nonfluoridated water or water that is naturally low in fluoride (<0.3 ppm) in the other arm.
Control
No exposure to fluoridated water or water naturally containing fluoride at a level of >0.6 ppm.
Exposure
Participants living in areas where water is fluoridated or naturally contains fluoride (at a concentration of >0.6 ppm).
Comparator
Participants living in areas where water is not fluoridated nor naturally high in fluoride (i.e., the concentration of fluoride in water is <0.3 ppm).
Q11. Does consumption of fluoridated milk reduce the risk of ECC?
Intervention
Any intervention intending to increase the consumption of fluoridated milk in 1 arm of the study, as compared with no intervention or no consumption of fluoridated milk in the other arm.
Control
No consumption of fluoridated milk.
Exposure
Consumption of fluoridated milk.
Comparator
Q12. Does salt fluoridation reduce the risk of ECC? Intervention
Any intervention intending to encourage the exposure to or consumption of fluoridated salt in 1 arm of the study, as compared with no intervention or no consumption of fluoridated salt in the other arm.
Control
No exposure to or consumption of fluoridated salt.
Exposure
Consumption of or exposure to fluoridated salt.
Comparator
No consumption of fluoridated salt or exposure to salt fluoridation.
ECC, early childhood caries. a All foods and drinks consumed in addition to breastmilk and infant formula are referred to as "complementary foods and drinks" and sometimes commonly referred to as "weaning foods and drinks." Table 1 . (continued) titles and abstracts were screened by all reviewers, and interrater reliability was assessed qualitatively. Studies that apparently met the inclusion criteria or did not have enough information in the abstract to inform a decision underwent independent duplicate screening of the full article. Differences between reviewers were resolved by discussion and by a third reviewer where consensus could not be reached. Data extraction was undertaken by 1 reviewer and checked by a second. Evidence was grouped according to the 12 review questions and each organized by study type, according to the hierarchy-systematic review, RCT, cohort/case-control (and other interventions; e.g., quasi-experimental studies), cross-sectional, and ecologicto enable a pragmatic data synthesis of the "best available evidence" (Petticrew and Roberts 2006) . For each research question, the highest level of evidence retrieved was used for evidence synthesis and, where appropriate, meta-analysis. Meta-analysis and forest plots of data that could be pooled were created with RevMan 5.3 software (Cochrane Collaboration). Evidence was also reported narratively. When data from the highest level of evidence were scant, the next level of evidence was referred to narratively.
Quality Assessment
Risk of bias for individual studies was assessed with the Cochrane "risk of bias" tool for RCTs (Cochrane Collaboration) and the ROBINS-I for nonrandomized trials and all other studies (Cochrane Collaboration). The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE; Atkins et al. 2004 ) was used to assess the quality of the overall body of evidence in relation to each review question, based on the WHO's (2014) Handbook for Guideline Development. The quality of the evidence was categorized as high, moderate, low, or very low. The GRADE assessment was conducted by using GRADEpro software. The GRADE method classifies observational studies as "low quality," and upgrading to a higher level requires evidence of a large effect size or a dose response. RCTs are classified as "high quality," but in some instances, the GRADE method requires downgrading of evidence if there is serious risk of bias, imprecision, inconsistency of results, or indirectness or if publication bias is likely.
Results
Figure 1 presents the PRISMA flowchart. In total 13,831 papers were retrieved, reducing to 9,449 following de-duplication. Of those, 627 full papers were retrieved and screened-after which, 137 (133 studies) were eligible for inclusion and 493 were excluded. The reasons for exclusions are provided in Figure 1 and Appendix Table 1 . A breakdown of the number of studies for each main research question is presented in Appendix Table 2 . Information from the data extraction, for each paper identified as the highest level of evidence retrieved for each question, is presented in Appendix Table 3 . The results, by research question, are presented here, and a summary of the highest-level evidence pertaining to each question is provided in Table 2 . The GRADE evidence profiles are presented in Appendix Tables 4 to 13.
Question 1
Does breastfeeding beyond 1 y increase the risk of ECC as compared with breastfeeding until <1 y of age?
Twenty-one studies had data that enabled comparison of dental caries in children breastfed beyond 1 y and <1 y of age. Of these, 1 was a case-control study, and 19 were cross-sectional. The highest level of evidence came from 1 prospective cohort study (Peres et al. 2017) . This study showed no significant difference in severity of caries at 5 y between children breastfed up to 23 mo and those breastfed up to 1 y. Overall rating for risk of bias for this study was moderate. In relation to confounding, all participants entered the study at the same time. Additionally, fluoridated area and sugars intake were controlled for. A GRADE evidence profile analysis of these data, which showed no increased risk of ECC with breastfeeding up to 23 mo, classified the evidence as low quality. This finding was supported by the next level of evidence: a case-control study in which multivariate analysis indicated that breastfeeding >13 mo versus <12 mo was not predictive of high dmft. Moreover, of the 19 cross-sectional studies, 9 included multivariate analysis to explore an independent effect of breastfeeding up to 2 y versus up to 1 y. Six of 9 studies showed that breastfeeding up to 24 mo of age was not a primary risk factor for ECC (Appendix Table 14 ).
Question 2
Does breastfeeding beyond 1 y increase the risk of ECC as compared with cow's (or similar) milk consumption as the main milk source from 1 y of age?
No studies were identified that had data to enable risk of ECC to be compared between children breastfed beyond 1 y and children who consumed cow's milk as the main source of milk.
Question 3
Does breastfeeding beyond 2 y increase the risk of ECC as compared with breastfeeding until <2 y of age?
Eight studies provided data that enabled levels of ECC to be compared when breastfeeding extended beyond 2 y of age as compared with when it ceased by age 2 y: 2 cohort studies, 1 case-control study, and 5 cross-sectional studies. The highest-level evidence was the cohort studies (Chaffee et al. 2014; Peres et al. 2017) . Peres et al. (2017) showed that breastfeeding beyond 2 y of age increased caries risk, demonstrating a large effect size. However, Chaffee et al. (2014) found a nonsignificant trend toward increased prevalence of ECC with breastfeeding at 24 mo and beyond as compared with breastfeeding between 6 and 23 mo (adjusted prevalence ratio, 1.17; 95% CI, 0.85 to 1.78). This evidence was classified as low quality with the GRADE process.
Question 4
Does breastfeeding beyond 2 y increase the risk of ECC as compared with cow's (or similar) milk consumption as main milk source from 2 y of age?
No studies were identified that had data to enable risk of ECC to be compared between children breastfed beyond 2 y of age as compared with children who consumed cow's milk as the main source of milk from 2 y of age.
Question 5 Does consumption of liquids that contain free sugars from an infant feeding bottle increase the risk of ECC?
Thirty-one studies provided data relating to the risk of ECC from consumption of liquids containing free sugars from an infant feeding bottle: 3 cohort studies, 2 case-control studies, and 25 cross-sectional studies. The highestlevel evidence came from the cohort studies, all of which showed a positive relationship with consumption of sugars as liquids in feeder bottles; however, 2 of these were rated as being at critical risk of bias (in relation to confounding; Cohort study to investigate if there is a controlled direct effect of breastfeeding on dental caries in Brazilian children aged 5 y. Risk of dental caries among children who were breastfed for 13 to 23 mo was not significantly different to those breastfed to up to 12 mo. Multisource method for caries among children who were breastfed for 13 to 23 mo vs. up to 12 mo showed the mean ratio (95% CI) = 0.9 (0.6 to 1.3). For severe dental caries, RR (95% CI) = 1.0 (0.6 to 1.6).
Q2. Does breastfeeding beyond 1 y increase the risk of ECC as compared with cow's (or similar) milk consumption as the main milk source from 1 y of age?
No evidence Q3. Does breastfeeding beyond 2 y increase the risk of ECC as compared with breastfeeding until <2 y of age?
Peres et al. (2017)
Cohort study investigating risk of dental caries among children who were breastfed for ≥24 mo was significantly increased. Multisource method for caries among children who were breastfed ≥24 mo vs. up to 24 mo showed the mean ratio (95% CI) = 1.9 (1.5 to 2.4). For severe dental caries, RR (95% CI) = 2.4 (1.7 to 3.3).
Chaffee et al. (2014)
Cohort study investigating the risk of S-ECC among children from a low income population in Brazil who were breastfed for 24 mo compared with lesser durations. S-ECC was assessed at aged 38 mo. Breastfeeding ≥24 mo was associated with a higher adjusted population-average S-ECC prevalence (0.45; 95% CI, 0.36 to 0.54) as compared with 12 to 23 mo (0.39; 95% CI, 0.20 to 0.56). The prevalence ratio for ECC (95% CI) with breastfeeding for ≥24 mo was 1.17 (0.85 to 1.78), which failed to reach statistical significance.
No evidence Q5. Does consumption of liquids that contain free sugars from an infant feeding bottle increase the risk of ECC? Feldens et al. (2010) Cohort study that compared S-ECC at 4 y of age in Brazilian children exposed to bottle use for fruit juices/soft drinks at 12 mo and no use of bottle for juices/soft drinks. RR for S-ECC (95% CI) = 1.41 (1.08 to 1.86), P = 0.025. Wendt and Birkhed (1995) , Wendt et al. (1996) Cohort study of caries-free Swedish children at age 1 y that examined the factors associated with the development of ECC at age 2 y. Compared with children remaining caries-free at age 3 y, a higher proportion of children with caries at age 3 y consumed soft drinks more than once a day (12% vs. 23%, respectively), P < 0.04.
Tanaka et al. (2013)
Cohort study of children followed from age 2 to 50 mo in Japan. Of 1,002 recruited, 315 completed all aspects of the study. Logistic regression indicated that consuming sweetened liquids from a bottle vs. never consuming these drinks from a bottle significantly increased risk of ECC: adjusted OR, 2.17 (95% CI, 1.23 to 5.05).
Q6. Does consumption of complementary drinks that contain free sugars increase the risk of ECC?
Warren et al. (2009)
A cohort study to assess the effect of sugar-sweetened beverage consumption on 18-mo caries prevalence (as part of a longitudinal study) among high-risk children in the United States. The OR (95% CI) for development of dental caries in those consuming sugar drinks was 3.04 (1.07 to 8.64).
Watanbe et al. (2014)
Cohort study that examined how lifestyle, household environment, and caries activity test score of Japanese children at age 1.5 y affected their dental caries incidence at age 3 y. The OR (95% CI) for ECC with daily sugar-sweetened beverage consumption was 1.56 (1.46 to 1.65), P < 0.001. Wendt and Birkhed (1995) , Wendt et al. (1996) Cohort study of caries-free Swedish children at age 1 y that examined the factors associated with the development of ECC at ages 2 and 3 y. Not drinking sugar-sweetened drinks to quench thirst at age 1 y was an independent significant factor determining being free of dental caries at age 3 y (OR, 2.26; 95% CI, 1.07 to 4.77), P = 0.033. No comparative data were provided on the proportion of children who had caries and were caries-free at 3 y of age who got milk or water when thirsty.
(continued) Wigen and Wang (2014) Cohort study in which exposure to sugars in drinks among Norwegian children aged 1.5 y was related to caries experience at 5 y. Risk (OR, 95% CI) of ECC with consumption of sugars-containing drinks at night was 1.5 (0.8 to 2.8) for consumption sometimes and 2.2 (1.1 to 4.5) for nightly consumption, as compared with never.
Yonezu et al. (2006)
Cohort study that compared ECC between Japanese children who consumed sweetened beverages 2/wk and 3/ wk at age 18 mo. Logistic regression analysis of effect on ECC experience at 24 mo of age showed sweet beverages intake was not significant: OR (95% CI), 0.99 (0.25 to 4.01).
Q7. Does consumption of complementary foods to which free sugars have been added increase the risk of ECC? Feldens et al. (2010) Cohort study investigating feeding practices in the first year of life associated with S-ECC at the age of 4 y: 47.3% of children who consumed foods with a high density of added sugars had ECC, as opposed to 32% among nonconsumers. Multivariate analysis showed consumption of foods with a high density of added sugars increased risk of ECC: RR (95% CI), 1.43 (1.08 to 1.89), P = 0.003.
Q8. Does oral hygiene provided by a parent/carer reduce the risk of ECC? Leroy et al. (2012) Cohort study that examined risk factors for the incidence of visible caries experience among preschool children in Belgium. Help with brushing >1/d vs. <1/d was associated with reduced risk of ECC between 3 and 5 y of age in univariate analysis. However, help with brushing was not an independent factor in multivariate analysis.
Okuno et al. (1994)
Cohort study of children aged 18 mo in Japan. Exposure to risk factors at 18 mo was related to ECC at age 3 y. Logistic regression analysis showed that oral hygiene conditions and eating habits between meals were more important than mother-aided daily toothbrushing.
Q9. Is oral health education for caregivers' effective for preventing ECC? Feldens et al. (2007)
RCT to investigate the impact of home visits for advising mothers about breastfeeding and weaning on ECC in Brazil. The intervention was initially delivered from 10 d to 14 mo; dental examination took place between 12 and 14 mo: 10.2% of the intervention group had ECC, and the mean dmft was 0.37 vs. 18.3% in the control group, with a mean dmft of 0.63 (P = 0.03). OR for the intervention group, 0.52 (95% CI, 0.27 to 0.97), P = 0.03.
Harrison et al. (2007)
RCT to investigate the effect of an oral health intervention employing motivational interviewing to prevent ECC in South Asian immigrants in Canada. The dmft was 3.35 (SD, 7.8) in the intervention group vs. 7.59 (SD, 14.2) in the control (P = 0.001). Poisson regression showed a protective effect of motivational interviewing relative to the control condition on the rate of dmfs after 2 y (hazard ratio = 0.54; 95% CI, 0.35 to 0.84).
Plutzer and Spencer (2008)
RCT to investigate the efficacy of an oral health promotion program during pregnancy and when the child was 6 and 12 mo of age on S-ECC at 18 mo of age among offspring in Australia. For the intervention group, the adjusted OR for S-ECC (95.0% CI) was 6.8 (2.1 to 21.9), P < 0.001. The cumulative incidence of S-ECC was 1.7% in the test group and 9.6% (P < 0.01) in the control group.
Mohebbi et al. (2009)
RCT to evaluate the impact of a 6-mo educational intervention (educational pamphlet with or without 5 min of oral health instructions, plus 2 recall phone calls of the oral health instructions at 2-mo intervals) on ECC among children in Iran. The mean age of the children was 12.3 mo (SD, 0.4) at baseline and 18.3 mo (SD, 0.6) at outcome. No new decayed/exfoliated teeth appeared in the intensive intervention group. With pamphlet only, the mean de increment was 0.2 (SD, 0.6) and in the controls, 0.4 (SD, 0.7), P = 0.05.
Vachirarojpisan et al. (2005)
RCT of the effectiveness of a 1-y participatory dental health education program aimed at caregivers to increase toothbrushing and the use of fluoride toothpaste among children initially aged 6 to 19 mo in Thailand. Caries increment (cavitated) was 3.46 (SD, 3.36) in the test group vs. 3.24 (3.53) in the control group. There were no statistically significant differences in oral health outcomes at 1-y follow-up.
Jiang et al. (2014)
RCT of the effectiveness of oral health education talk and parental toothbrushing training, reinforced every 6 mo, in preventing ECC among children in Hong Kong, China, who were aged 15 mo at baseline and followed up for 24 mo. Mean dmft (including noncavitated lesions) was 0.2 (SD, 0.6) in the test group vs. 0.3 (SD, 1.2) in the control group. Caries incidence was 11.8% vs. 11.9%. Q10. Does an optimum concentration of fluoride in water reduce the risk of ECC? Tank and Storvick (1965) Cohort study of the effect of exposure to fluoridated water on ECC among children in Canada aged 1 to 6 y. For children aged 5 y, mean dmft was 3.29 in the fluoridated group vs. 6.0 in the nonfluoridated group. Only 4% of those in a nonfluoridated community were caries-free, as opposed to 39% among those exposed to fluoride in drinking water since birth (significant differences at P < 0.05). 
Jackson

Rugg-Gunn et al. (1981)
Compared ECC at age 5 y among children residing in fluoridated vs. nonfluoridated areas of North East England since birth. Mean deft was 2.5 (SD, 2.79) and 6.1 (4.03) for fluoridated and nonfluoridated groups, respectively. There was a higher proportion of lower socioeconomic status in the nonfluoridated group.
Blinkhorn et al. (1981)
Compared ECC at age 4 to 5 y among children residing in fluoridated vs. nonfluoridated areas of Scotland since birth. Mean dmft was 2.48 (SD, 3.16) vs. 4.34 (SD, 4.04) in the fluoridated and nonfluoridated groups, respectively. Those residing in a fluoridated area had a 65% reduction in ECC.
French et al. (1984)
Compared ECC at age 5 y among children living in fluoridated and nonfluoridated areas in North East England. Mean dmft was 1.51 (SD, 2.28) vs. 3.55 (3.69) for children from social class III from fluoridated vs. nonfluoridated areas, respectively (P < 0.001).
Jackson et al. (1985)
Compared ECC at age 5 y among children residing in fluoridated vs. nonfluoridated areas of Wales since birth. Mean dmft was 1.58 (SE, 0.17) vs. 3.55 (SE, 0.33) for fluoridated and nonfluoridated groups, respectively.
Rugg-Gunn et al. (1988)
Compared ECC at age 5 y among children residing in fluoridated vs. nonfluoridated areas of North East England since birth. In children from social class III, mean deft was 1.70 (SD, 2.53) for the fluoridated group and 3.71 (SD, 4.05) for the nonfluoridated group. Overall, there was a 54% reduction in caries among children residing in the fluoridated area.
Booth et al. (1992)
Compared ECC at age 3 y among children residing in fluoridated vs. nonfluoridated areas of England since birth. Mean dmft was 0.3 (SD, 1.0) for the fluoridated group and 0.74 (SD, 2.0) for the nonfluoridated group (P < 0.03).
Thomas et al. (1995)
Retrospective cohort study investigating ECC among 5-y-old children who had resided in a fluoridated area for at least 35% of their lives, as compared with those who had resided in a fluoridated area for <10% of their lives: dmft were 1.81 (SD, 2.86) vs. 2.28 (SD, 3.48), respectively.
Evans et al. (1996)
Retrospective cohort study investigating ECC among 5-y-old children who had resided in fluoridated or nonfluoridated areas of Northumberland, England, since birth. Mean dmft was significantly lower for children from fluoridated areas for all social classes: dmft was 0.59 (SD, 1.37) vs. 
O'Mullane and Whelton (1997)
Compared ECC at age 5 y among children residing in fluoridated vs. nonfluoridated areas of the Republic of Ireland since birth. Mean dmft was 1.8 and 3.0 for fluoridated and nonfluoridated groups, respectively.
Q11. Does consumption of fluoridated milk reduce the risk of ECC? Bian et al. (2003) Quasi-experimental study to investigate the effect of fluoridated milk on ECC among children from Beijing, China, aged 54 mo (SD, 4.0) at baseline and followed up for 21 mo. Test group received approximately 200 mL of milk fluoridated at 2.5 mg-F\L each day. Caries increment was 0.4 (SD, 1.9) dmft for the test group vs. 1.3 (SD, 1.2) dmft for the control group, P < 0.001. Wendt and Birkhed 1995; Wendt et al. 1996; Tanaka et al. 2013 ) and were therefore excluded from the GRADE evidence profile as recommended (Guyatt et al. 2013 ). The remaining cohort study was rated as having a low risk of bias (Feldens et al. 2010) . This study showed a significant increased risk of severe ECC with use of bottles containing fruit juices or soft drinks at 12 mo of age (relative risk, 1.41; 95% CI, 1.08 to 1.86). A GRADE evidence profile classified this evidence as low quality. This finding is supported by the data from the next level of evidence: 2 casecontrol studies, both of which showed sugars in bottles to be independently associated with ECC (Appendix Table  14 ).
Question 6
Does consumption of complementary drinks that contain free sugars increase the risk of ECC?
Data pertaining to the risk of ECC from consumption of drinks containing free sugars were found in 8 studies: 6 cohort studies and 2 cross-sectional studies. The highest-level evidence came from the 6 cohort studies, for which analysis classified the risk of bias to be very serious, primarily due to risk of confounding and weaknesses in experimental design. Five of the 6 studies showed significantly higher ECC in children who consumed a higher level of drinks containing free sugars (vs. lower/ no drinks; Wendt and Birkhed 1995; Wendt et al. 1996; Warren et al. 2009; Watanabe et al. 2014; Wigen and Wang 2014) , and 1 study found no significant difference (Yonezu et al. 2006 ). However, this study compared ECC between those consuming 3 and 2 drinks per week and not nonconsumers. The GRADE profile analysis of these data, suggesting increased risk of ECC from consumption of sugars-containing drinks, classified the evidence as very low quality.
Question 7
Does consumption of complementary foods to which free sugars have been added increase the risk of ECC?
One cohort study (Feldens et al. 2010) provided data that enabled the comparison of levels of ECC according to consumption of complementary foods containing free sugars (foods consumed in addition to breast-or bottlefeeding up to the age of 2 y). This study showed a relative risk of severe ECC of 1.43 (95% CI, 1.08 to 1.89; P = 0.003) with consumption of items with a high density of added sugars versus no consumption. A GRADE profile analysis of these data, which showed increased risk of ECC with consumption of foods high in free sugars, classified the evidence as low quality.
Question 8
Does oral hygiene provided by a parent/ carer reduce the risk of ECC?
Twenty-one studies had data on the impact on ECC from oral hygiene provided by a caregiver: 2 cohort studies, 1 quasi-experimental study, and 17 crosssectional studies. The highest level of evidence came from the cohort studies (Okuno et al. 1994; Leroy et al. 2012 )-both of which had serious risk of bias due to lack of control for confounding. Neither study showed a significant independent effect. In the study by Leroy et al. (2012) , multivariate analysis showed that oral hygiene provided by a parent or caregiver was not an independent factor for risk of ECC. Okuno et al. (1994) found that oral hygiene conditions and eating habits between meals were stronger determinants of ECC than oral hygiene provided by a parent. The evidence therefore suggests little effect of oral hygiene provided by a parent or caregiver on ECC risk. The quality of the data was also classified as very low quality by the GRADE profile analysis.
Question 9
Is oral health education for caregivers' effective for preventing ECC?
Fourteen studies had data pertaining to the impact of oral health education for caregivers on children's risk of ECC: 6 RCTs, 2 cohort studies, and 6 quasiexperimental studies. The highest level of evidence was provided by the RCTs: 4 showed lower levels of ECC in children that resulted from oral health education programs for caregivers (Feldens et al. 2007; Harrison et al. 2007; Plutzer and Spencer 2008; Mohebbi et al. 2009) , and 2 showed no significant effect (Vachirarojpisan et al. 2005; Jiang et al. 2014) . It was not possible to conduct a meta-analysis on all 6 RCTs due to RCT of children aged 3 to 5 y in Gambia that investigated the effect of fluoridated salt in a communal feeding program for preschool children. At 12-mo follow-up, the mean (95% CI) for dmft for the test and control groups were 4.64 (4.04 to 5.23) and 6.57 (5.52 to 7.61), respectively. The percentage of children free of caries into dentine was 25.0 and 16.8 for the test and control groups, respectively, but this was not significant (RR, 0.88; 0.79 to 1.01). For precavitated lesions, the test group had higher values than the control group: 8.14 (7.45 to 8.83) vs. 7.70 (6.56 to 8.83). There was high bias in measurement of the outcome.
dmft, decayed/missing/filled teeth; ECC, early childhood caries; OR, odds ratio; RCT, randomized controlled trial; RR, relative risk; S-ECC, severe early childhood caries. Table 2 .
(continued) differences in outcomes reported. A random effect meta-analysis of 3 RCTs reporting data as odds ratio showed that children of caregivers who received oral health education had a reduced risk of ECC as compared with those of caregivers who had never received oral health education (odds ratio, 0.39; 95% CI, 0.19 to 0.79; P = 0.009), with moderate heterogeneity among studies (I 2 = 52%, P = 0.12). A random effect meta-analysis of 3 studies reporting outcomes as mean (SD) dmft showed a nonsignificant trend (standardized mean difference, -0.15; 95% CI, -0.34 to 0.05; P = 0.140; Vachirarojpisan et al. 2005; Harrison et al. 2007; Jiang et al. 2014) , with low to moderate heterogeneity among studies (I 2 = 43%, P = 0.17). Forest plots are presented in Figure 2 . A GRADE evidence profile classified the evidence as moderate quality, as data were downgraded for inconsistency of findings.
Question 10
Does an optimum concentration of fluoride in water reduce the risk of ECC?
Thirty-two studies had data relating to this question: 13 cohort studies, 15 crosssectional studies, and 4 ecologic studies. The highest level of evidence came from the cohort studies that reported ECC in children who had resided in fluoridated areas from birth as compared with those residing in nonfluoridated areas (Tank and Storvick 1965; Jackson, Gravely, and Pinkham 1975; Jackson, James, and Wolfe, 1975; Jackson et al. 1980; Blinkhorn et al. 1981; Rugg-Gunn et al. 1981; French et al. 1984; Jackson et al. 1985; Rugg-Gunn et al. 1988; Booth et al. 1992; Thomas et al. 1995; Evans et al. 1996; O'Mullane and Whelton 1997) . All studies showed lower development of ECC in children exposed to fluoridated water, and there was evidence of a large effect size in individual studies. Only 2 studies (Jackson, Gravely, and Pinkham 1975; Booth et al. 1992) reported data comparing levels of fluorosis between groups; none showed a difference between fluoridated and nonfluoridated populations. Four studies had a serious risk of bias due to failure to measure and account for any socioeconomic difference between groups, and these were excluded from the analyses (Jackson, Gravely, and Pinkham 1975; Jackson, James, and Wolfe, 1975; Jackson et al. 1980; Jackson et al. 1985) . It was possible to pool data for dmft from 4 studies for meta-analysis (Fig. 3) , which showed evidence of a significant protective moderate-sized effect of exposure to fluoridated water (mean difference between fluoridated and nonfluoridated, -1.25; 95% CI, -2.14 to -0.36; P = 0.006). There were high levels of heterogeneity among studies (I 2 = 92%, P < 0.00001). Most studies were rated as having a moderate risk of bias. A GRADE evidence profile of these data classified the evidence as moderate quality.
Question 11
Does consumption of fluoridated milk reduce the risk of ECC?
Three studies were identified with data pertaining to the impact of drinking fluoridated milk on risk of ECC: 1 quasiexperimental and 2 cross-sectional studies. The highest level of evidence was the quasi-experimental study (Bian et al. 2003) , which showed a strong protective effect on ECC from consumption of fluoridated milk. However, risk of bias was assessed as serious, as socioeconomic status of the control and intervention groups was not controlled for. There was also a lack of control for dietary factors (e.g., sugars intake). The findings of the crosssectional studies supported the findings of a protective effect of fluoridated milk (Appendix Table 14 ). The GRADE evidence profile classified the evidence as low quality. Four studies had data pertaining to the impact on risk of ECC of consumption of fluoridated salt: 1 RCT, 1 cohort study, and 2 quasi-experimental studies. The highest level of evidence was provided by the RCT (Jordan et al. 2017) . This study received a high risk-of-bias rating due to a lack of blinding of the outcome assessors and was therefore downgraded for risk of bias. This study showed a lower level of cavitation in the test population. Data for precavitated lesions showed higher mean lesions in the test group as compared with the control group (i.e., an opposite effect was observed for caries into dentine as measured by dmft), although the 95% CI suggests that this difference was not significant. A GRADE evidence profile of this study rated the quality as moderate. The next level of evidence was provided by 1 cohort study, which indicated a significant protective effect of the use of fluoride salt on caries experience (dmft; Appendix Table 14) .
Discussion
The best available evidence indicates that breastfeeding up to 2 y of age does not increase risk of ECC as compared with breastfeeding up to 1 y of age. The findings show consistent albeit lowquality evidence that consumption of liquids containing free sugars, including those from a feeding bottle, increases the risk of ECC. Limited data indicate that adding free sugars to complementary foods also increases risk. This systematic review has identified moderate-quality evidence that provision of oral health education to caregivers, exposure to optimally fluoridated water, and salt fluoridation (limited data) decrease risk of ECC. Evidence, although low quality, also shows a protective effect of fluoridated milk. There was limited opportunity for meta-analysis. However, where these analyses were undertaken, the findings support the conclusion of a protective effect. All 3 meta-analyses showed heterogeneity among studies, although only 1 was considered high.
This systematic review has largely identified evidence of low or very low quality pertaining to modifiable factors for risk of ECC, which reflects the observational nature of most data and the serious risk of bias in many studies. There is a need for better-quality research, including trials and welldesigned cohort studies that collect data on, and control for, relevant confounders and that adopt robust and objective measures of risk exposure. This review focused on factors known to be modifiable but excluded factors if preexisting evidence from the systematic review was sufficient (e.g., amount of sugars consumed, use of fluoride toothpaste). It is acknowledged that socioeconomic factors (i.e., low level of general education, low income, family dynamics) may increase the likelihood of being exposed to risk factors for ECC (Phantumvanit et al. 2018) ; however, it is unlikely that such factors are independent risk factors, and questions specific to these factors were therefore not included.
The current review indicated that breastfeeding up to 2 y did not increase risk of ECC as compared with breastfeeding up to 1 y. A previous systematic review (Tham et al. 2015) suggested that breastfeeding beyond 1 y of age increased the risk of ECC but cautioned that until the confounding effects of dietary habits and oral hygiene are adequately controlled for, it cannot be certain if prolonged breastfeeding can be principally associated with ECC. Moreover, the meta-analysis included studies of breastfeeding beyond 12 mo, with no upper limit on duration, whereas the current review focused on breastfeeding up to 2 y of age. The current review also included more recent longitudinal data (Peres et al. 2017) . The review by Tham et al. (2015) included only 1 cohort study (Tanaka et al. 2013) and 1 cross-sectional study (Nobile et al. 2014 ) that enabled comparison of breastfeeding up to 2 y with up to 1 y. Tanaka et al. (2013) found a nonsignificant trend toward a lesser protective effect against severe ECC from breastfeeding 12 to 17 mo (odds ratio, 0.81; 95% CI, 0.16 to 4.01) as compared with breastfeeding for 6 to 11 mo (odds ratio, 0.4; 95% CI, 0.07 to 2.01; P = 0.09). Nobile et al. (2014) showed that prevalence of ECC increased with longer breastfeeding duration and that those breastfed 11 to 19 mo had a higher dmft (0.44; SD, 1.07) as compared with infants breastfed for 5 to 10 mo (dmft = 0.22; SD, 0.62). Neither study adequately controlled for important confounders.
An aim of the review was to determine if weaning from breast milk to cow's milk from 1 y of age affected ECC risk; however, no data were identified to address this. Human breast milk contains approximately 7% sugars, as opposed to <5% sugars from cow's milk (primarily lactose). Cow's milk is also high in calcium and phosphorus, which protect against demineralization; therefore, it is reasonable to suggest that weaning to cow's milk would lower caries risk. However, studies reported only on duration of breastfeeding and not on the alternative source of milk upon its cessation-which could be formula or cow's milk. Moreover, cessation of breastfeeding might lead to the introduction of sugars-sweetened beverages. As such, there are many factors to consider when investigating the impact of breastfeeding duration on risk of ECC (Peres et al. 2017) , and future research should pay careful attention to controlling for confounding from complementary foods and drinks. The impact on ECC risk from weaning onto cow's milk also warrants further exploration in well-conducted studies that consider and control for the intake of all drinks. It is unknown if there are benefits to oral health from weaning a child onto cow's milk at 1 y and-from a general health perspective for both child and mother-if breastfeeding to age 2 y and beyond has considerable benefits (WHO 2018b).
A previous systematic review showed moderate-quality evidence for an increased risk of dental caries, including ECC, from increasing the amount of free sugars consumed (Moynihan and Kelly 2014) . The current review indicated that data pertaining to specific dietary practices and risk of ECC are more limited. Notwithstanding the importance of limiting intake of free sugars per se, the current systematic review found only 1 study that specifically examined the effect of consuming complementary foods containing free sugars. This study did, however, clearly show an independent effect indicating that complementary foods should not contain added free sugars. The data also support the avoidance of sugars-containing drinks, including those from a feeding bottle. Studies are needed on the impact on ECC risk from interventions promoting the avoidance of adding sugars in complementary foods and drinks.
A larger volume of data pertaining to the impact of providing oral health education to caregivers on ECC risk, including that from RCTs, was available. Table 2 provides information on the different approaches used. Metaanalysis of studies reporting risk as an odds ratio indicated a reduced risk of 39%, but there was inconsistency among studies. Nonetheless, the overall evidence supports oral health education for caregivers as a means of ECC prevention.
Unsurprisingly, there was a larger body of moderate-quality evidence to support water fluoridation as a means of ECC prevention, thus indicating the importance of promoting exposure to optimally fluoridated water wherever possible. The findings suggest that for areas without access to public water supplies to fluoridate, exposure to fluoride via alternative means, such as kindergarten/school milk fluoridation programs or salt fluoridation programs, is effective. However, the results of the 1 RCT on salt fluoridation showed lower cavitation lesions and a trend toward higher precavitation lesions in the test group, suggesting an arresting effect of salt fluoridation on existing dental caries. Moreover, salt per se is detrimental to health; therefore, fluoridation must be achieved within the WHO-recommended limits for sodium intake (WHO 2018a).
Conclusion
Based on the best available-albeit limited-evidence, breastfeeding up to 24 mo is not associated with an increased risk of ECC. The evidence indicates that breastfeeding beyond 24 mo carries an increased risk of ECC; this risk should be balanced against the nutritional and health benefits of breastfeeding children beyond 2 y of age.
According to the best available evidence, providing access to fluoridated water and delivering oral health education to caregivers are justified approaches to ECC prevention. The evidence suggests that limiting sugars in feeder bottles and avoiding addition of sugars to complementary foods and drinks should be part of this education. Evidence that preexisted this review indisputably proves the efficacy of fluoride toothpastes, which should be made accessible and affordable to all. Evidence from this review shows that efforts to increase access to fluoridated water should also be given priority. In populations without access to a fluoridated public water supply, the evidence shows that exposure to fluoride through milk schemes and, to a lesser extent, salt is justifiable as a means of prevention.
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